In the present study, we examined decadal changes in the diets of the surface migratory myctophid fish Myctophum nitidulum (50.3-78.8 mm standard length) in the Kuroshio region of the western North Pacific over a period of 18 years, from 1964 to 1999. Samples were collected with a neuston net within 1 m of the surface, at night, from January to March each year. Myctophum nitidulum fed mainly on crustacean zooplankton, such as euphausiids, copepods and amphipods, in the study years from 1964 to 1975 and from 1991 to 1999. However, Japanese sardine larvae were the most or one of the most common prey for 7 of the 8 years studied between 1976 and 1990, accounting for 20.2-61.8% (mean (± SD) 36.1 ± 16.6%) of the total weight of M. nitidulum stomach contents. The Japanese sardine population exploded between 1976 and 1990; sardine larvae were correspondingly abundant in the Kuroshio region. The feeding habits of M. nitidulum seemed to change according to changes in the composition of prey species in its habitat. We estimated that M. nitidulum consumed between 4.8 ± 2.9 and 10.3 ± 6.2 mg wet weight/m 3 (0.24 ± 0.14-0.52 ± 0.31 individuals/m 3 ) of sardine larvae per night in the Kuroshio region during the 7 years between 1976 and 1990.
INTRODUCTION
Myctophid fish that migrate vertically at night from the mesopelagic layer up to the surface are a dominant component of the neuston community at night. [1] [2] [3] [4] [5] These fish are thought to migrate to the surface to feed in the productive epipelagic layer and they possibly compete for prey with small pelagic fish, like sardine, anchovy, mackerel and saury. 6, 7 There are considerable data on the feeding habits of myctophid fish that migrate to the epipelagic layer mainly at 20-200 m depths (so-called midwater migratory species), [7] [8] [9] [10] [11] [12] [13] but data for surface migratory species remain limited. 4, 6, 7, 13, 14 Myctophum nitidulum is one of the most common surface migratory myctophids in the Kuroshio region. 1, 2, 15 In the present study, we examined long-term fluctuations in the diet of adult M. nitidulum (50.3-78.8 mm standard length) in relation to the rebound of the Japanese sardine population, which occurred in the period from the mid1970s until the mid-1990s. [16] [17] [18] Because the sardine population fluctuates widely, its rebound is thought to greatly affect to the Kuroshio ecosystems. Hence, we expected changes in the feeding habits of this myctophid species to relate to changes in sardine populations.
MATERIALS AND METHODS
All samples were collected in the Kuroshio region of the western North Pacific (between 29∞N and 37∞N and 130∞E and 144∞E) from January to March during the Japanese Fisheries Agency's survey of eggs and larvae of commercially important fish. Although this survey was conducted every year from 1957 to 1999, except for 1958, 1965 and 1970, we used samples collected in each year of the following 18 years, when more than 10 individuals of adult M. nitidulum were collected : 1964, 1971-1973, 1975, 1976, 1978, 1979, 1983, 1985, 1988-1992, 1996, 1997 and 1999 . Typical sampling coverage is shown in Fig. 1 . Collections were made from 29 to 131 stations (mean = 83) per year, at night, which were arranged to cover as wide Kuroshio area as possible each year. A conical plankton net (Maruchi type A; mouth diameter = 130 cm; mesh size = 2.0 ¥ 2.0 mm + 0.33 ¥ 0.33 mm) 5, 19 was towed within 1 m of the surface alongside the ship at 1 m/s (2 knots) for 5 or 10 min. Samplings were made consecutively at 1-3 h intervals along the grid line designed to cover the average Kuroshio area, indicating that variation in sampling time and space off Japan would be averaged in each year. Samples were kept in a 10% formalin-seawater solution until they were processed in the laboratory. After measuring standard length and body wet weight, stomach contents were dissected out, weighed and identified to each prey category as follows: euphausiids, copepods, amphipods, decapods, Japanese sardine larvae, other fish, appendicularians and others. Each prey category was also weighed. We examined the feeding chronology of M. nitidulum from 19 : 00 to 05 : 00 h by calculating stomach content indices (SCI; stomach content weight as a percentage of body wet weight) for 20-42 individuals (pooled over the 18 study years) collected per hour. An ANOVA was used to test whether SCI in each time period varied significantly at night.
RESULTS

Decadal changes in prey composition
Although M. nitidulum was primarily a crustacean feeder, it also fed on a variety of net zooplankton species available in the habitat, including fish larvae (Fig. 2) . Over the 18 study years, unidentifiable stomach content weight was 11.7 ± 6.3% (wet weight mean ± SD) of the total stomach content. These prey items were excluded from Fig. 2 .
Myctophum nitidulum consumed mainly small crustaceans, such as euphausiids, copepods and amphipods, in 10 of the 18 study years; that is, those years before 1975 and after 1991 (Fig. 2 ). In these 10 years, two of these crustaceans were always the first-and second-most common prey items. For example, euphausiids were the most common prey in 1964, 1973, 1975, 1991, 1992 and 1997 , accounting for 17.5-94.2% of the total stomach content, and the second-most common prey in these years was either copepods (4.0-33.0%) or amphipods (4.5-25.8%). However, in 7 of the 8 years studied between 1976 and 1990, M. nitidulum fed commonly on Japanese sardine larvae (10.5-21.2 mm notochord length; Fig. 2 ). Sardine larvae were the most common prey (27.1-61.8%) in 1976, 1978, 1985 and 1989 and the second-most common prey (20.2-28.0%) in 1979 and 1990. In 1988, sardine larvae were the third-most common prey (21.1%) and copepods (34.0%) and amphipods (27.1%) were the first-and second-most common prey, respectively. In 1983, no sardine larvae were found; copepods (41.6%), euphausiids (17.5%) and decapods (17.4%) were common prey items (Fig. 2) .
Decadal changes in condition factor
The mean condition factor (CF; body wet weight ¥ 10 2 /standard length 3 ) of M. nitidulum changed significantly over the 18 study years (P < 0.01, ANOVA). The CF was 1.22-1.26 from 1964 to 1973, increased to 1.38 in 1975 and remained between 1.33 and 1.45 until 1999 (Fig. 3) . The mean CF from 1975 to 1999 (1.37) was greater than that from 1964 to 1973 (1.24), indicating that the nutritional status of the species improved after 1975 (Fig. 3) . The increase in CF in 1975 corresponded approximately with the shift of feeding of M. nitidulum from crustaceans to sardine larvae and also with the so-called Kuroshio regime shift from cold to warm water temperatures. 20 Surprisingly, the high mean CF values persisted even after 1991, when M. nitidulum stopped feeding on sardine larvae. 
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Feeding chronology
There was a marked change in the SCI of this species by hour (P < 0.05, ANOVA). The SCI values were higher than the mean (2.6%) from 19 : 00 to 21 : 00 h and from 02 : 00 to 04 : 00 h (Fig. 4) . During these time periods, feeding peaks of 4.2 and 3.5% SCI were observed from 20 : 00 to 21 : 00 h and from 03 : 00 to 04 : 00 h, respectively. These peaks occurred 2 h after M. nitidulum migrated into and 2 h before it migrated out of the surface layer (the uppermost 1 m), respectively. The SCI of other time periods fluctuated between 1.0 and 2.6%.
DISCUSSION
Changes in feeding habits
In the Enshu-Nada area, off the Pacific coast of central Japan (Fig. 1) , Japanese sardine larvae catches by so-called Shirasu fisheries increased from tens of tons to thousands of tons from 1974 to 1977. 21 These catches reflected the abundance of larvae in the Kuroshio region, because the sardine larvae are known to be supplied into the Enshu-Nada fishing grounds from the offshore Kuroshio waters. 22 Kishida et al. 22 estimated the abundance of sardine larvae in the Enshu-Nada in 1979-1992 and found that the abundance was steadily high from 1979 to 1990 and that it decreased rapidly from 1990 to 1991, remaining low until 1992. These data indicate that the occurrence of the sardine larvae in the stomach of M. nitidulum corresponded well with their increased abundance in the habitat from 1976 to 1990. Sardine larvae are known to inflate their swim bladder and float on the sea surface at night; 23 this behavior would make them available to M. nitidulum as prey. The caloric value of epipelagic small crustaceans is reported to be from 0.6 to 1.0 kcal/g. 24, 25 Sardine larvae are estimated to contain 0.8 kcal/ g. 26, 27 However, for a fish predator, crustacean prey would be more energetically costly than fish prey, because crustaceans contain indigestible chitin in their exoskeletons and their protein is generally digested less easily and assimilated less effectively than fish protein. 24, 28, 29 The increase in M. nitidulum CF after 1975 coincided with the shift to feeding on the increasingly abundant sardine larva in the Kuroshio region in 1976. Neither the macrozooplankton biomass in the upper 150 m from 1972 to 1985 nor the abundance of M. nitidulum in the surface layer from 1972 to 1990 showed any notable change in the study area, 15, 17 suggesting that the increase in M. nitidulum CF from 1975 to 1990 was related to the shift in prey consumption. However, the CF remained high from 1991 to 1999, after the sardine larva population declined. Thus, the increase in CF is attributable not only to preying on sardine larvae, but to other factors probably linked to the Kuroshio regime shift. 20 The abundance of M. nitidulum in the surface layer from 1991 to 1992 was similar to that from 1972 to 1990, 15 whereas the adult sardine population had been declining from 1989. 16, 18 Considering that small crustaceans (mainly copepods), which were frequently fed on by M. nitidulum, are one of the main prey items of adult sardine, 30 the abundance of small crustaceans available to M. nitidulum may increase with the collapse of the sardine population. Although knowledge on the annual changes in abundance for small crustaceans is extremely restricted, this may be one of the reasons why the CF of M. nitidulum did not decline in 1991 and 1992.
Estimating the impact of predation on Japanese sardine larvae
In subtropical and tropical waters (13-22∞C), surface migratory myctophids are thought to evacuate their stomach contents 2-4 h after feeding. 4, 7, 14 Because the mean surface water temperature at the sampling stations was 18.2∞C (range 7.2-22.3∞C; n = 391), 31 we assumed an evacuation time of 4 h for M. nitidulum. We estimated the minimum and maximum nighttime rations for the species as 5.0 and 10.8% body wet weight by summing the lowest and highest SCI values, respectively, observed every 4 h (i.e. 1.8% (lowest) and 4.2% (highest) from 19 : 00 to 23 : 00 h, 1.0% and 3.1% from 23 : 00 to 03 : 00 h, and 2.2% and 3.5% from 03 : 00 to 05 : 00 h). Migratory myctophid fish generally feed mainly at night in the subtropical and tropical waters. [6] [7] [8] [9] 12 3 ) in the 0-5 m layer in this study area. 31 Based on this mean biomass and the estimated nighttime rations, M. nitidulum consumed between 4.8 ± 2.9 (minimum) and 10.3 ± 6.2 mg wet weight sardine larvae/ m 3 (maximum) in the 0-5 m layer each night over 7 years (Table 1) . For larvae 10-20 mm notochord length (mean body weight per individual = 20 mg wet weight), which are commonly found in the Kuroshio region from January to March, 17 the biomass estimates are equivalent to 0.24 ± 0.14-0.52 ± 0.31 individuals/m 3 . Sardine larvae inhabit mainly the area west of the Kuroshio Current axis. 17 This region covers approximately 100 ¥ 10 3 km 2 , not including slope waters shallower than 200 m. In this region, M. nitidulum 
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consumed an estimated 479 ± 287-1033 ± 623 tons biomass of sardine larvae or 24 ± 14-52 ± 31 billion individuals per night from January to March over the 7 years between 1976 and 1990. These estimates are probably conservative, because sardine larvae, which have no exoskeleton, are more digestible and harder to identify in stomach contents than crustaceans. 
